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ABSTRACT

Plant growth depends on nutrients and growth media. Within greenhouses,
growers typically manage nutrient type, concentration and growth media.
However many alternative media are available and the use of organic fertilizer
would allow growers to market their products in more venues.

I developed an organic fertilizer and tested the plant performance of tomatoes
and peppers on this fertilizer. In my first experiment, I tested tomato performance
on different growth media and fertilizer concentrations. Of the three types of
media tested, the greatest yield was in coconut fiber and peat moss. The addition
of fertilizer increased yield, but there was no difference between the two
concentrations. In my second experiment, I tested sweet pepper plant
performance using different concentrations of organic fertilizer compared with
inorganic fertilizer in hydroponic system. Inorganic fertilizer provided the greatest
yield, regardless of the concentration of the organic fertilizer.
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INTRODUCTION

In a review of the composition and use of organic fertilizers, Huntley et al. (1997),
described organic fertilizers very broadly as "naturally occurring" products, and
suggested that, during production of the fertilizer, there is no human involvement
except for the physical extraction or processing of these essentially unmodified
compounds, from a stream of waste or by-products.
Huntley et al. (1997) divided organic fertilizers into three main categories based
on source, as 1) animal products; 2) mineral and rock products; and 3) plant
products.
1) Animal products
According to Huntley et al., organic fertilizers that are derived from animal
products are among the most important, and most ancient. Major sources
include the farm manures, or feces and urine collected from livestock and
poultry, including large animals (beef cattle, hogs, horses, sheep and goats),
and poultry (broilers and other chickens, turkeys, ducks, etc). The macronutrients N, P, and K, on a dry mass basis represent about 2.0%, 0.5% and
1.5%, respectively. Besides these major macro-nutrients, manures provide 1
to 3% Ca, 0.4 to 1% Mg, and about 0.4% S (on a dry mass basis).
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Another important animal-derived fertilizer is bird guano, which comes from
wild seabirds, and is a fast-acting fertilizer, since most of the nitrogen is
present in a highly soluble form as biologically-available nitrates. Because
these are water-soluble, it results in a quick release of nutrients.

Sewage biosolids are the compounds removed from manure during
wastewater pre-treatment. The nutrients from these are of the same average
nutrient values as farm manures, except potassium, which is effluent at the
waste water treatment plant or partitioned into the aqueous fraction. Sewage
biosolids also contain many non-essential elements (e.g., As, Cd, Cr, Hg, Pb,
Se), (Huntley etal., 1997).

Growers seeking high phosphorous concentrations often prefer bone meal,
which is available to the plant, without causing strong burning or desiccating
effects. Another type of organic fertilizer derived from animal sources is dried
blood, which is collected from slaughterhouses and valued for its very high
nitrogen concentration. In blood, the nitrogen is also available rapidly to plants
as compared to other organic fertilizers (Huntley et al., 1997).

2) Minerals and rocks
According to Huntley et al. (1997), these fertilizers are mostly derived from
mineral sources such as rock phosphate, colloidal rock phosphate, granite
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dust, basalt dust, glacial dust, greensand, gypsum, calcific limestone,
dolomite and langbeinite.

3) Plant products
According to Cegarra et al. (1996), plants are a very important source of
organic fertilizers, where the origin of the nutrient is plant tissue of some kind.
Many studies have shown that there is an excellent opportunity to produce
organic fertilizers from commercially available by-products. Such plant-based
by-products include seed meals (e.g., cottonseed, soybean, castor pomace,
and linseed) collected from vegetable-oil processing industries; as well as
farm-grown materials, including crop residues and green manures.

Cegarra et al. (1996) carried out a wide-ranging study of the use of olive mill
wastewater compost for crop production. The comparative studies were
carried out in several Mediterranean countries where waste disposal by olive
mills is a significant environmental problem. Because of the presence of
phenols and organic acids, the pollution from these mills was greater when
wastewater was applied directly to the soil. In order to remove these
impurities from the waste, composting technologies were used to change the
material into a valuable organic fertilizer (compost) with no phytotoxicity.
Cegarra et al. (1996) studied the fertilizer effects in a field production system
as well as in a pot experiment, using chard Beta vulgare L. (Amaranthaceae),
lettuce Lactuca sativa L. (Asteraceae), barley Hordeum vulgare L. (Poaceae),
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and cauliflower Brassica oleracea L (Brassicaceae) in the field, and ryegrass
Lolium perenne L(Poaceae) in pot experiments. Results showed that yields
obtained were similar and sometimes slightly higher using the organic
fertilizer, as compared to a balanced inorganic mineral fertilizer. In addition to
increased plant production, the organic fertilizer also increased soil fertility.

Guerrero and Carrasco de Brito (1995) studied the re-use of industrial
orange crop waste as organic fertilizer in Portugal. They examined effects of
using this with lettuce, and applied industrial pulp and peeled orange Citrus
sinensis L. (Rutaceae) waste to the soil, toward increasing amounts of
nitrogen. Their results showed an increase in mean production of both fresh
and dry-matter of lettuce, and significant increases in mean percentages of
nitrogen, potassium, and phosphorous in the dry-matter, and no evidence of
phytotoxicity in the soil. Guerrero Carrasco de Brito (1995) argued that
increased lettuce yields following application of orange wastes was due to
improvement of the soil; increased quantities of organic fertilizer increased
the N, P, and K levels in the soil.

Composts as organic fertilizer

Senesi (1989) defined composting as "the biological oxidative decomposition of
organic constituents in wastes of almost any nature under controlled conditions".
Composting is a form of organic waste stabilization that requires special
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conditions, particularly of temperature, moisture, aeration, pH and C/N ratio, and
utilizes biological activity in the various stages of the decomposition. Senesi
(1989) further described compost as "the stabilized and sanitized product of
composting, and is beneficial to plant growth". Composts are also available as
"fresh compost," which is not yet stabilized. Fresh compost may be used in
agriculture, with further decomposition and stabilization occurring in soil and
subsequent beneficial effects on soil structure; there is increased microbial
activity, and gradual release of nutrients through mineralization.

In his review, Senesi used the term "mature compost" to refer to the end product
of the stabilization stage, which is considered an organic fertilizer for general
agricultural purposes. It is fully suitable for application on the soil, even in the
presence of standing crops. Finally, "cured compost" is defined agriculturally as
the highly stabilized product resulting from a prolonged stabilization and
mineralization stage (Senesi, 1989). This material is often considered as a
humus-like substitute having a high value for the preparation of artificial
substrates used in direct contact with root systems. It is an important product
used in nursery-protected crops, potting, and flower cultivation.

Senesi (1989) also reviewed the major factors involved in utilizing composted
materials as organic fertilizers. According to Senesi, the main types and sources
used for composting consist of the following:
•

agricultural wastes, including crop residues and animal manures;
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•

urban wastes including the organic fraction of urban solid refuse, sewage
sludge from anaerobic or aerobic digestion sewage treatment plants, and
city refuse of vegetated areas;

•

wood processing waste (including bark, woodchips, wood shavings and
saw dust);

•

food processing residues from the canning industry, breweries, malt
houses, dairying industries, fish and shell wastes, slaughter-houses
effluents and residues, sugar industry waste, e.g. fermentation wastes,
paper and cellulose carbon-based residues, vegetable tannery sludges,
etc.;

•

local plant organic waste products, such as vine canes, olive marc, rice
hulls, coco fibre dust, tea wastes, etc.

According to Chong (2005), with few exceptions the major waste by-products
(including spent mushroom compost, turkey litter compost, paper mill sludge,
municipal waste compost, corrugated cardboard, apple pomace, wood chips from
pallets, pulverized glass, and various types of tree barks), when tested under
controlled cultural conditions provided acceptable to excellent container-growing
media. The research also found that the porosity and aeration characteristics of
waste-derived substrates tended to be better than those of barks.
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Organic vs. inorganic

Many studies compare the impact of inorganic and organic fertilizers on plant
growth and performance in a variety of species, and the conclusions are mixed.
Although several studies suggest that inorganic fertilizers in general may yield
better results, in particular in terms of increased plant biomass and productivity
(e.g., Mader et al., 2002; Dumas et al., 2003), consumer interest in organics and
organically-raised crops has increased dramatically, both for health and
environmental reasons. Consumers often regard organically produced food as
healthier and tastier, compared to food grown conventionally (Ekelund and
Tjarnemo, 2004).

For the grower, the major difficulty with using organic fertilizers is supplying
balanced ratios of different nutrients at appropriate times (Kirchmann et al.,
2002). Plants raised organically often tend to grow more slowly as compared to
other plants supplied with mineral fertilizers. This is likely because the organic
fertilizers release nutrients less rapidly than the more readily available mineral
nutrients (Hobson, 1988; Guichard et al., 2001).

Heeb et al. (2006) studied the impact of organic and inorganic fertilizers on final
yield, taste and nutritional quality in tomatoes, Lycopersicon esculentum Mill.
(Solanaceae). They determined that yield of tomatoes from organically fertilized
plants was significantly lower compared to plants grown with mineral fertilizers.
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Acid content was higher in fruit supplied with organic fertilizer, while sugar
content was higher in fruit grown with mineral fertilizer. Out of all the treatments,
the highest preferences for taste were given to tomatoes fertilized with extrasulfur organic fertilizer and nitrate-dominated mineral fertilizer. Heeb et al.
concluded that the appropriate source of nutrients is a crucial factor in the
growth, yield and taste of tomatoes.

In 2002, De La Pena et al. investigated the growth of sweet basil Ocimum
basilicum L. (Lamiaceae) in azolla, nutrient chicken manure, and caraboa, used
as organic fertilizer sources. They concluded that the overall growth of sweet
basil treated with conventional inorganic fertilizers was superior to the growth of
plants raised in any of these organic fertilizers alternatives.

In contrast to the above, a number of other studies indicate better results for
organically grown product. Adediran et al. (2004) studied sustainable maize Zea
mays L. (Poaceae) and cowpea Vigna unguiculata L. (Leguminaceae) yields in
field and greenhouse experiments in Nigeria comparing plant performance,
measured as height, root and shoot dry-matter allocations and plant reproductive
yield fertilized with composted plant and animal residues or

inorganic

supplements (NPK 25-50-100). Composting also reduced odours from the
manure, and was readily applied in the field. The main organic fertilizer used by
Adediran et al. (2004) came from farm wastes, including shredded maize (straw,
cobs and sheaths) composted with poultry manure. The experiment compared
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three treatments using this organic fertilizer: compost alone; compost + inorganic
fertilizer (25 kg ha-1 + NPK 20-10-10); and inorganic fertilizer alone.

Plant

performance was significantly increased in terms of yield for both crops, for both
pure compost and mixtures of compost, compared to the inorganic fertilizer
alone. The compost and its mixtures also significantly increased total microbial
biomass and the size and number of populations of Azobacter (nitrogen-fixing
bacteria). Adediran et al. (2004) reported a sharp reduction in the microbial
biomass following inorganic nutrient application. They argued that this strongly
supports the use of recycled farm wastes for sustainable crop production.

In another large study, Granstedt and Kjellenberg (1997) described results from
long-term field experiments in Sweden, comparing the effects of organic and
inorganic fertilizers on soil fertility and crop quality. Studies included eight
fertilizer treatments, each with a four-year crop rotation without repetitions:
summer wheat Triticum aestivum L. (Poaceae), clover/grass

Trifolium L.

(Fabaceae) mix, potato Solanum Tuberosum L. (Solanaceae), and beet Beta
vulgaris L. (Chenopodiceae). Overall the organic treatments resulted in a higher
soil fertility capacity and, in the crops, higher quality protein, greater starch
content, and a greater ability to tolerate stressful conditions and long-term
storage, compared to results for the inorganic treatments. Benefits were evident
in terms of both soil quality and crop production from long-term effects of organic
manure, compared with conventional inorganic NPK-fertilizer.
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Succop and Newman (2004) investigated fresh-market sweet basil raised with
organic fertilization in a greenhouse. In their experiment, plants were grown in
three different hydroponic media systems (rockwool slabs, perlite frames,
sphagnum peat) and were evaluated twice over two years. The plants were
fertilized with nutrient solution derived from either organic or conventional mineral
salt-based fertilizer sources. Plants grown in the organic fertilizer were 22%
larger in the first year and 100% larger in the second year of study, as compared
to plants grown in the conventional fertilizer. Taste panelists comparing
organically and conventionally grown sweet basil found no differences.

Questions have arisen concerning the nutritional quality of plant tissues produced
using either conventional inorganic fertilizers or alternative organic materials.
Worthington (2001) collected results of plant tissue analysis from several studies
comparing organic and inorganic fertilizers, and showed that organically grown
crops contained significantly greater concentrations of iron, magnesium,
phosphorous, and vitamin C, compared to crops grown conventionally.

Yardim and Edwards (2003) showed that pest and predatory insects were also
significantly influenced by the use of organic fertilizers. These workers grew
tomato plants using cow manure as organic fertilizer, and inorganic fertilizer as
controls.

They showed that the type of fertilizer significantly influenced pest

populations. Over two years of evaluation, Yardim and Edwards recorded larger
populations of anthocorid with high aphid populations on the tomato plants grown
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in synthetic fertilizer than those plants growing in the organically fertilized plots.
Yardim and Edwards concluded that organic fertilizers have the potential to
significantly reduce pest attacks, and can lead to diminished use of insecticides.

These studies have demonstrated that in most situations inorganic fertilizers
provide better plant growth and yield than organic. However, due to an increase
in public awareness regarding the health and environmental benefits of organic
produce, research with different and new blends of organic fertilizers is always
popular. Although I expect better plant performance with inorganically grown
plants based the results of previous studies, the information gained for this
experiment will aid in the development of a new and better organic fertilizer which
could provide an increased yield as compared to previous studies.

Nutrients required for plant growth and productivity

For good plant performance, balanced plant nutrition is essential (Bryson and
Barker, 2002). The composition of a growth medium influences the amount of
fertilizer that should be applied to ensure optimum plant growth (Tattini and
Traversal, 1992). When developing management practices for a crop, it is
important to provide a balanced fertilizer concentration specific to the growth
medium, and to ensure the nutrients are available for plant uptake. Different
physiological stages of the plants will require different nutrient concentrations,
and there will be an interaction between the plants and medium. With
environmental concerns and cost of plant production increasing, the fertilizer
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needed to optimize plant growth should be assessed. Growers cannot afford to
lose a crop or have poor yields due to nutritional problems, but 70-80% of
production problems are due to problems with nutrition. In addition, growers may
face environmental regulations of fertilizers (Rosen, 1993).

The primary elements for plant growth (macronutrients) are nitrogen, phosphorus
and potassium. Nitrogen is important for growth because it is a constituent of
amino acids, which virtually control all biological processes. A balanced supply of
nitrogen will provide good leaf development and vivid green color (Brady and
Weil, 1999) and plants deficient in nitrogen tend to have a pale yellowish-green
color (chlorosis), are stunted in appearance, and develop thin, spindly stems.
Phosphorous enhances many aspects of plant physiology, including the
fundamental processes of photosynthesis, nitrogen fixation, flowering, fruiting
and maturation and a deficiency is easily detectable as plant foliage of is dark,
almost bluish-green (Brady and Weil, 1999). Potassium is important for root
development and disease resistance (Brady and Weil, 1999). Potassium also
plays an important role in reducing water loss from leaves and enables the plants
to uptake more water from the soil. Plants deficient in potassium have leaves that
are burned at the edges and old leaves begin to yellow (chlorosis) and die
(necrosis) (Brady and Weil, 1999). In addition to these macronutrients, there are
various trace elements that are necessary for plant growth, known as
micronutrients or secondary elements, which include magnesium, calcium,
manganese, boron and zinc.
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With increasing interest by consumers for organically produced vegetables,
researchers are developing different chemical compositions for fertilizers and one
of the important aspects for these investigations is the ratio of different nutrients
to each other and the overall concentration, In my study, I evaluate different
concentrations of organic fertilizer in order to compare how these different
concentrations affect plant growth.

Greenhouses vegetable production
Major crops
According to Khosla, (1999) the Ontario greenhouse industry has changed
considerably since the 1990's in order to meet the high market demand for
greenhouse produce, there has been an increase of 20% annually to the area
devoted to greenhouse vegetable production. The overall acreage doubled by
1990, predominately in Leamington, where most of the greenhouse vegetable
production is located in Ontario. In particular, there have been considerable
increases in the acreage devoted to tomatoes, cucumbers and peppers.

In most of the greenhouses, the new construction is devoted to the production of
different varieties of tomatoes, which includes beefsteak tomatoes with some
cluster or tomato-on-the-vine (TOV) (Khosla, 1999). Tomato is one of the most
popular and widely grown vegetable crops in the world (Jones, 1999). Tomatoes
are widely used consumed in salads, or in cooked or processed food. Tomato is
one of the three most important horticultural crops (Dorais, et al. 2001), and

13

appears to have originated from tropical America. According to DeGiglio (2003),
tomato consumption and greenhouse production in North America has
substantially increased during the last few years. In the fresh tomato market,
there has been an increase in tomatoes grown in greenhouses from 1% in 1990
to 16% in 2003, as compared to tomatoes grown in fields. The majority of
greenhouses use soilless culture systems for growing tomatoes in North
America, (DeGiglio, 2003), with rockwool as the predominant growth media.

Greenhouses are the main source for production of colored pepper fruits outside
the United States (Costa and Heuvelink, 2000; Morgan and Lennard, 2000;
Resh, 1996). Including the United States, many countries consume colored
peppers grown in The Netherlands, Canada, Israel and Mexico, as these
countries have large greenhouse acreages dedicated to the production of pepper
fruits. The sale of colored peppers from Canada, Israel and Spain has increased
in the recent years (Cantiliffe and VanSickle, 2003). Mostly, the pepper plants are
grown using soilless media. (Monteiro, 1994; Wittwerand Castilla, 1995).

Growth media
In traditional, soil-based cultivation, healthy soil (i.e., substrate having sufficient
nutrient content) promotes healthy plant growth. Plants don't use all of the
organic material immediately, therefore, it breaks down to release nutrients over
time. In recent years, there has been a significant increase in the use of soilless
culture (Grillas et al., 2001). As compared to the traditional field production
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systems for high-value vegetable crops, greenhouse soilless culture may be a
good alternative (Cantliffe et al., 2003; Pardossi et al., 2002; Schroder, 1999). In
order to reduce economic losses caused by soil-borne pathogens, the
commercial production of greenhouse vegetables with soilless media has
increasingly been adopted by commercial growers (Gullino and Garibaldi, 1994;
Louvet, 1982; Reviere and Caron, 2001). Other major advantages of protected
soilless culture are reduced chemical use, an extend harvest period, and the
potential to increase yields by three to 10 times compared with those obtained
under field conditions (Cantliffe and Vansickle, 2001). When compared with
traditional production methods where normal field production would not be
possible, soilless cultures have been found to facilitate the successful economic
cultivation of crops (Jensen, 1999). It also provides an efficient use of water and
fertilizer (Jensen, 1997).

For the production of containerized greenhouse and nursery crops, artificial
substrates are used extensively. These are usually composed of several
components, whose chemical properties may affect plant growth and nutritional
response (Folk et al., 1992). Peat is one of the most widely used materials
(Buckland, 1993; Robertson, 1993). In particular in the United States, Europe,
and Canada, there are concerns about the manufacture and use of peat.
Although it may be used to successfully grow various vegetables; increasing
prices have generated significant interest in the development of alternatives to
peat (Adams et al., 1989; Wilson et al., 2001). Peat moss is partially
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decomposed sphagnum moss, and has a large cellular structure, which enables
plants rooted in it to absorb air and water. Peat moss contains essentially no
nutrients, but absorbs any nutrients otherwise provided and then releases them
over time; peat moss is highly acidic and this requires consideration both on
disposal and during use. It has been used for a long time as potting media for
growing ornamental plants and vegetables (Arenas, 1999).

Various bark sources have demonstrated good results for the growth of different
vegetables and ornamental crops (Cantliffe et al., 2003; Shaw et al., 2004;
Wilson, 1984). There has also been an increase in the use of coconut dust
(Cocus nucifera L.) and other coconut products as a substitute for peat in soilless
growing media for containerized crop production (Abad et al., 1997; Evans and
Stamps, 1996; Handreck, 1993; Mak and Yeh, 2001; Merrow, 1994, Noguera et
al., 1997, 2000; Offord et al., 1998; Stamps and Evans, 1997, 1999). Another
substrate used is coco coir, or coconut fiber. This is a relatively new product that
is becoming more popular due to its good results in plant production. Coco coir is
also called coconut pith (the mesocarp of the fruit) and it has been introduced as
an alternative for peat as a growth media because of its better chemical and
physical properties compared with peat (Bragg et al., 1993; Savithri and
Hameed, 1994). Coco coir is produces as a waste from the coconut industry.
Coconut coir also reported to have a strong buffering capacity (Kithome et al.,
1999a, 1999b). In addition to a high water holding capacity (Bruckner, 1997;
Martinez et al., 1997; Noguera et al., 1997; Konduru et al., 1999), than many

16

other substrates, it has an ideal pH, excellent drainage, low electroconductivity
(EC) and salt, and it also has some anti-fungal properties; moreover, it is easy to
rehydrate, has a useful life up to 3-4 seasons, has significant amounts of
potassium, and phosphorus, is light in weight and is environmentally friendly as it
can be recycled for several years in a row. There have been some acceptable
results for several agronomic and ornamental crops while using coco coir as a
horticultural growth medium (Evans and Stamps, 1996; Merrow, 1994; Pill and
Ridley, 1998).

Topsoil is the uppermost layer of soil, often the top 15-20cm; it possesses the
highest concentration of organic matter and availability of microorganisms. The
problem in using the top soil as a growing medium is the mining of it from large
areas which can become an environmental issue; it is also high in weight
because it is a heavy medium and its transport and handling between the nursery
and the planting areas causes high mortality rate of seedlings (Radjagukguk,
1983). Based on the potential benefits of coco coir for plant production, I predict
that plants grown in coco coir will have higher plant productivity than those grown
in topsoil or peat moss. In my study, I compare plant growth of tomatoes grown in
topsoil, peat moss and coco coir.
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Hvdroponic greenhouse production
According to studies by Marr (1994) and Jensen (1999), hydroponic growth
systems are necessarily soilless this presents the opportunity to locate farm
operations more ideally and conveniently where photoperiods and climate are
optimum and soil guality is not relevant. Hydroponic production offers a unigue
opportunity to control the guality and safety of the product. Less water is required
for hydroponic culture than for field crops, and so more food can be cultivated
using less water. The fertilizers used for hydroponic production are typically ultra
pure, and leave no residue in the crops. Hydroponic technologies are typically
more efficient than soil methods, thus more people can be fed per unit area,
creating a lower ecological impact (Marr, 1999, Jensen, 1999).

According to Marr (1994), the term "hydroponics" was first used by Gericks in the
late 1930s to describe a method of growing plants with roots immersed is an
aerated, dilute solution of nutrients, as it is now used in commercial greenhouse
vegetable production around the world. Marr (1994) and Jensen (1999)
categorized hydroponic systems as being either 'non-aggregate' or 'aggregate
systems'. The major liquid non-aggregate hydroponic system uses the Nutrient
Film Technique. Here, the growing medium has a thin film of nutrient solution.
This flows through either black or white-on-black polyethylene film, supported on
wooden channels or some form of PVC piping, containing the plant roots. The
walls of this film are flexible, permitting them to be drawn together around the
base of each plant, excluding light and preventing evaporation. The major
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advantage of this non-aggregate system is its nutrient efficiency. A greatly
reduced volume of nutrient solution is required; moreover this system is more
easily heated during winter months or cooled during hot summer to avoid bolting
(i.e., pre-mature flowering), and other undesirable plant responses.

An aggregate system is one where plants are grown in a nutrient solution (water
and fertilizer) in the presence of an artificial medium which is used to give the
mechanical support to the plants (Jensen, 1999). There are many mediums
recommended for different types of crops e.g., sand gravel, vermiculite, rockwool
peat moss, coco coir and sawdust etc.

An "open system" is one in which the nutrient solution is not recycled after
passing by the plant roots, whereas a "closed system" is one where the excess
nutrient solution is recovered, replenished and recycled, and the solution is
reused by the plants (Jensen, 1999). In aggregate systems the porous
horticultural grade rockwool can be used in a closed or open hydroponics system
(Marr, 1994).

In "Bag culture", bags are placed on the greenhouse floor at normal row spacing.
Bags are made of ultra violet-resistant polyethylene, with a black interior; growing
media used for the bags can be peat moss, coco coir etc. The nutrient solution is
provided using drip irrigation. Tomatoes and cucumbers Cucumis sativus L.
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(Cucurbitaceae) are most commonly grown in bag culture. For tomatoes, the
bags may be used for two crops per year for two years.

Alternatively, tomatoes and cucumbers are often grown using "Rockwool
Culture", which is open hydroponics system where seeding is done into small
rockwool cubes, saturated with nutrient solution. Later, plants are transplanted to
larger rockwool cubes, which are eventually placed on rockwool slabs on the
greenhouse floor (Marr, 1994).

Liquid organic fertilizers

Certain general practices exist when using organic solutions (Biksa, 2005). For
example, solutions should not stand for more than a couple of hours; and the
grower should only mix enough liquid for a single watering. Good aeration is
essential. If the planting medium is being re-used, plant debris should be
completely removed, and porous medium added to each crop, to ensure the
medium remains well aerated.

According to Urrestarazu and Mazuela (2005), as a result of crop growth in soilless culture, oxygen deficiency has an immediate effect on both water and
nutrient uptake. The oxygen level required for the respiration of the root system
often becomes a limiting factor as much in soil culture as in soilless culture.
Urrestarazu and Mazuela (2005) conducted greenhouse experiments on sweet
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pepper Capsicum annuum L. (Solanaceae), melon Citrullus lanatus Thanb.
(Cucurbitaceae) and cucumber crops using soilless culture with either perlite or
rockwool, supplied with potassium peroxide via fertigation to increase the oxygen
content. Potassium peroxide was either included or excluded from the nutrient
solution. Results were mixed, in some cases showing significant differences: a
20% increase in the yield of sweet pepper and 15% increase in melon, for plants
with potassium peroxide, while there was no difference in cucumber plants.

Edmeades (2002) explored the application of liquid organic fertilizers in crop
production systems. Two major categories of liquid feed were recognized: 1)
Solutions of organic compounds, mixed with inorganic soluble compounds.
These are typically regarded as supplemental, rather than providing for the full
nutritional requirements of crops. 2) Solutions derived from organic sources
(primarily seaweed, but including fish, animal and vegetable products), and
processed in various chemical and biochemical ways.

Edmeades (2002) summarized results for trials of 28 different liquid nutrient
feeds, of which fifteen were derived from seaweed. Most of the liquid feed
available in North America comes from seaweed, and is generally presumed to
be certifiably "organic" because it is gathered, and not commercially produced.
However it is worth noting that seaweed may contain significant levels of
contaminants, depending on the degree of exposure to wastes from human
settlement and industrial effluent). Edmeades (2002) reviewed four solutions
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made from fish waste, five of vegetable origin, and two from animal products; two
further solutions were obtained from generic products having undisclosed organic
components.

Liquid feed supplements have been tested on a large number of crops (mostly
cereals, and root crops, but also legumes, pasture crops, and vegetables)
(Edmeades, 2002). Most of the studies reviewed by Edmeades suffered from
being poorly designed in terms of their capacity to detect statistically significant
effects (due to inherent background variability between field plots, and generally
low replication). Effects are likely also to be subtle, and of relatively low
magnitude, relative to total yield (a difference of, say, <10% may be difficult to
detect) (Edmeades 2002). Organic supplements improve aspects of plant growth
that are distinct from yield per seed (e.g., market quality traits, such as color,
nutritional value, and size), but these were not recorded as part of the initial
studies. Edmeades (2002) concluded that seaweed-based products have a small
but significant positive effect on yield (about 1.5%) but that, overall, other plant
and animal wastes did not. The results of Edmeades large analysis can be
further explored, on a product by-product basis, and in terms of effects on
particular crops or types of crops. The non-seaweed sources showed significant
positive enhancements: the fish products, "Crop Booster", the animal-based
"Siapton" and the plant-based "Stimufol". Beneficial effects reached 4%, in the
case of trials on legumes (Edmeades 2002).
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A general concern with all of the trials reviewed by Edmeades (2002) is that they
were all carried out on agricultural soils, and those soils were typically not
nutrient-limited. As a result, the only effects likely to be detected would be those
attributable to other ingredients of the compost solution, such as phytohormones, amino acids, and sugars, or other qualities which could affect soil
characteristics but that would not have nutritional effects. Therefore, these
studies do not really address the efficacy of plant extracts and other composts as
nutrient sources, but rather, simply as nutritional supplements. According to
Edmeades (2002), the concentrations of nutrients have been analyzed for only a
small number of organic supplements, representing an NPK ratio of 10:4:5, which
is similar to the ratio of 7:4:5 used in commercial tomato production.

Biksa (2005) described the value of different sources of organics in hydroponic
tomato production, and noted that kelp products are often prepared using
potassium hydroxide, which will reduce the bioactivity of the kelp. Bloodmeal
represents debris from slaughterhouses, and may be unappealing for a number
of reasons, including the possibility of disease transmission. Fishmeal must be
pasteurized, but extracts tend still to smell very strong, and spills must be
cleaned up quickly. Carbon scrubbers can help reduce odors. Bat and bird
guanos may be used in bloom mixes (organic fertilizers used as a natural source
of phosphorous), but sometimes these have been found to contain contaminants
such as mercury and lead. According to Biksa, rock phosphate may contain
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radioactive traces. Sugar beet, Beta vulgaris L. (Chenopodiceae) is a good
source of phosphorus, and provides sugars that support microbial growth.

In Argentina, organic and hydroponic tomatoes were observed by Permuzic et al.
(1998) for tissue contents calcium, iron, potassium, phosphorus and vitamin C.
The tomato plants were grown in hydroponic substrates (sand and peat-perlite),
and irrigated with the test solutions having complete macro- and micro-elements.
Another set of tomato plants were grown in the organic substrate with either
100% or 50% vermicompost soil. At physiological maturity, plant tissue nutrient
content was measured Premuzic et al. (1998) found that the plants grown in the
organic substrates had significantly higher rates of vitamin C and calcium and
less iron, as compared to the fruits grown in the hydroponic substrate.
Phosphorus and potassium level did not differ.

The current study

The main research objective of my study was to prepare and test an organic
fertilizer for possible use in the organic greenhouse vegetable industry. I
hypothesized that plant performance would be greater with inorganic fertilizer
than organic fertilizer due to the fact that inorganic fertilizer was supplied using
the recommended formula which has all the nutrients (NPK) in a balanced ratio
as needed by the crop, while the organic fertilizer did not contain the same
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balanced ratio of NPK. Because of this potential imbalance in the NPK ratio, I
hypothesized that fertilizer concentration would impact plant performance,
depending on plant requirements for different nutrients. Because nitrogen is
required for vegetative growth and vivid green colour (Brady and Weil, 1999), I
expect that an imbalance in nitrogen would result in pale yellow green colour
growth. Because phosphorous enhances photosynthesis and plays an important
role in flowering and production of fruit (Brady and Weil, 1999), I expect that an
imbalance in phosphorous would result in dark foliage and a potential reduction
in fruit set or yield.

Because potassium is important in water balance, root

development and disease resistance (Brady and Weil, 1999), I expect that an
imbalance in potassium would result in production of leaves with burned edges
as turned yellow (cholorsis) and die (necrosis). Thus, I predicted that the
concentration which is closer to the recommended balanced ratio of NPK would
result in the greatest plant performance. I hypothesized that plant performance
would differ depending on growth media, with the expectation that due to the
properties of coco coir such as its high water holding capacity, (Kithome et al.,
1999a, 1999b), presence of potassium and phosphorus within coco coir (Evans
and Stamps, 1996; Merrow, 1994; Pill and Ridley, 1998) and the presence of
micronutrients including Fe, Mn, Zn and Cu within coco coir (Savithri et al.,
1993), plants would grow better in coco coir than in topsoil or peat moss. Peat
moss doesn't contain any nutrients, however, it has a cellular structure which
enables plant roots to absorb water and air (Arenas, 1999) which should provide
plants with equivalent or lower plant performance than in coco coir. Topsoil has
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high levels of microorganisms present and is a reservoir for pest insects
(Radjagukguk, 1983), so I do not expect it to provide as high a plant performance
as the other two media.
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MATERIAL AND METHODS

Preparation of organic fertilizer

An organic fertilizer was prepared from 20 kg of Soya meal and 5 kg of tomato
plant trash, including leaves and fruits. These were treated with a liquid
preparation of food grade bacteria containing Lactobacillus, Rhodobacter,
Rhodopseudomonas, and Saccharomyces species commercially available. This
mixture was held in large containers and sealed with plastic sheets to induce
anaerobic fermentation for 3 weeks. During this process, the moisture content
(35-45%), pH (5.5-6.5) and media temperature (45-65°C) were closely monitored
for optimum breakdown of material, and increasing availability of nutrients and
trace elements, etc.

After 3 weeks, the material was exposed to open air and mixed with 5 kg coco
fiber and 10 kg Zeolite (commercially known as Clinoptilolite). Zeolite neutralizes
ammonia on contact by absorbing the NH4 present and preventing its release as
ammonia gas. The 'nitrification' bacteria then convert NH4 into NO3. Zeolite also
acts a sponge, absorbing the moisture but not significantly increasing the

27

volume. Zeolite also has anticaking characteristics and helps reduce the pungent
odour present in the decomposing fertilizer. Coco fiber was added to increase the
mass of the fertilizer. During the process of open-air decomposition, the material
was stirred regularly to avoid overheating in the center of the pile. The entire
fermentation process took 10 weeks to complete and produce fertilizer ready for
application in solid form. To convert into a liquid form (called the 'organic tea'),
water was added to extract the nutrients in the solution. The solid organic
fertilizer was mixed in equal volumes of fertilizer and water, shaken thoroughly
for half an hour, and then the aqueous extract or 'organic tea' was collected.

Effect of growth media and fertilizer concentration

The experiment was carried out at AMCO Farms, Leamington using cluster
tomatoes, var Clarence (DeRuiter Seeds Corporation). We selected the three
most commonly used substrates in Leamington greenhouses as our test
substrates: topsoil, peat moss and coco coir. Of the three, coco coir is relatively
new.

The topsoil (Mighty Myco® Granular), peat moss, and coco coir (Crop Circle™)
were purchased from Home Harvest® Garden Supply.

The coco coir was

premium quality Srilankan coco, free of weed seed or disease, with a pH ranging
from 5.0 to 6.5. It is packaged in the form of discs and one disc (237.5 cubic
inches) is dissolved in 3 gallons of water for 1 hour prior to use.
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Three levels of organic fertilizer were used: none, 1:1 (equal quantities of
substrate and fertilizer) and 1:2 (twice as much substrate compared to fertilizer).
For the peat moss and coco coir substrates, only the two fertilizer treatments
were present (1:1, 1:2), as the plants will not grow on peat moss or coco coir in
the absence of fertilizer. Thus, there were a total of seven treatment
combinations. There were four plants per replicate, with three replications of
each treatment combination (total of 84 plants). No additional fertilizer was
applied in any of the seven treatments.

In order to characterize plant performance between the treatments, plant
morphological data were collected. Measures included total plant height (cm),
head thickness (mm) (i.e., width of top apical meristem, including developing but
unopened leaves), leaf length (cm) of the 5th leaf from the top (to ensure
measuring a fully open and newly matured leaf), fruit set (number of sets or
trusses/plant) and fruit yield (kg/plant). Height, head thickness and fruit set were
measured biweekly for 10 weeks. After the 10th week, plants were topped (top
apical meristem removed) to stop terminal growth, preventing further measures
of height and head thickness. Leaf length was measured biweekly for 12 weeks.
Plants matured and flowered, with fruit sets growing by the 4 th week. Fruit yield
was measured biweekly until week 18 at which point all mature fruit had been
harvested.
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Crop growth and management
Before preparation of the treatment pots, the tomato seedlings required
preliminary preparation as follows. For seed germination, seeds were placed
directly into Rockwool plugs, (presoaked prior to seeding), and the seed
propagating area was covered with plastic sheeting to maintain humidity. One
seed was placed in each plug using a hand-seeder device to replicate standard
industry practice. Germination trays (12x20 cm) were covered and put in the
seed propagating area at 26°C for 72 hrs, with supplemental light of 2500 lux.
When seedlings began to emerge, the propagation cover was removed and the
temperature was lowered gradually to 23°C. The trays were flushed with water
having the targeted EC of 2.5 and pH of 5.5, prior to transplanting. After 14 days
from initial seeding, the plants were ready for transplant.

The tomato seedlings were transplanted on September 4, 2005, and plants were
"topped" (removal of top apical meristems) on November 10, 2005; the crop was
terminated on January 8th 2006. The tomato plants were grown according to
commercial practices as outlined below.

Seedlings were transplanted directly into the treatment pots because seedlings
respond differently to different substrate. At the beginning of the experiment, the
fertilizer was mixed thoroughly with each substrate. The treatment of topsoil
alone allowed assessment of the effect of substrate alone. Plants were watered
once per day until the soil was saturated. Four seedlings were transplanted into
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each of three replicate pots in each individual treatment. The standard plant
spacing of 2.5 plants/m2 recommended for tomatoes was used.

The greenhouse climate was monitored daily, including temperature, light
intensity, humidity and CO2 concentration, as fluctuation in these factors can
affect plant growth (Ontario Ministry of Agriculture and Food 2005). Air
temperature is one of the main environmental components, influencing
vegetative growth, cluster development, fruit set, fruit development, fruit ripening
and fruit quality. In general, the higher the average air temperature, the faster the
growth rate. In this experiment, the day and night temperature was 25°C from
planting until fruit production began, at which point 20°C day and 18°C nights
were used. Temperature is also dependent on the availability of light, so it was
regulated accordingly over the experiment as needed. Relative humidity of 75%85% was maintained, as this is regarded as optimum for fruit set. Carbon dioxide
supplementation benefits the tomato crop at all stages, especially during the
winter (so no ventilation was used), and CO2 was enhanced to 500 to 700 ppm.
Horizontal airflow fans were used to minimize temperature gradients in the
greenhouse and distribute C0 2 throughout the crop canopy. An airspeed of 1
m/sec was used, as recommended (Ontario Ministry of Agriculture and Food
2005).

Each tomato plant was pruned to a single stem; all side shoots or suckers were
removed once a week. Plants were supported with polypropylene twine. One end
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of the twine was tied loosely to the base of the plant, with a small, non-slip loop,
and attached at the other end to an overhead supported wire, which was 1.82.5m above the plant row. Lower leaves of the plants were removed to improve
lower air circulation; 1-2 leaves were removed at a time.

Because pollination is necessary for normal fruit set to occur, Bombus impatiens
Cresson (Hymenoptera: Apidae) were brought into the greenhouse experimental
area in boxes and used to pollinate the tomato crop and produce high quality
fruit.

Comparison of organic and inorganic fertilizer and effect of concentration

The second experiment was conducted at AMCO Farms, Leamington, using
sweet bell pepper var Fascinato (Syngenta Seeds Company). The crop was
transplanted in February 2006 and terminated in August 2006.

For this experiment, the aqueous organic fertilizer, or 'organic tea', was diluted
into three different concentrations: low (1:7; 1 L tea in 7 IL of water), medium
(1:6) and high (1:5). These three organic tea treatments were compared to a
standard inorganic fertilizer. The inorganic fertilizer was used at recommended
nutrient rates (Table 1) (Ministry of Agriculture and Food, 2005). The plants were
grown hydroponically, with four replicates of four plants per treatment, for each of
the four treatments (64 plants in total).
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In order to study the individual performance of plants fed the different
concentrations of fertilizer, plant height (cm), leaf length (cm), leaf width (cm),
fruit yield (g/plant), head thickness (mm), number of fruits per plant were
measured biweekly.

Crop growth and management
For germination of the seeds, the pepper seeds were sown in Rock wool plugs
(25x30cm). Prior to sowing, the plugs were soaked thoroughly with water at pH
5.8 and 1.0 mS/cm. After sowing, the Rockwool plugs were covered with medium
vermiculite, soaked again with water, then covered with a clear poly sheet and
placed on benches in germination chambers. The optimum germination
temperature used was 25°C-26°C. After emergence occurred (3-4 days), the poly
covering was removed and the temperature was reduced to 23°C. The plugs
were maintained with at least 70% moisture of their saturated mass, during the
germination process. For rapid vegetative growth, light of 120-160Watts/m2 was
provided for 18 days. After 18 days, the cotyledon leaves were fully expanded
and true leaves had begun to emerge, at which point the seedlings were
transplanted to pots. Two days after planting, the 24-hour temperature was
reduced to 21 °C, for both day and night.

Plant spacing was five plants/180 cm in the pots. Based on the results of the
tomato experiment, maximum yield was obtained with the coco coir, thus coco

33

coir was used as the growth medium. The liquid feeds of different treatment
concentrations were pumped from a container to the plants in the different
treatments. Each treatment slab was 90x15 cm; there were four plants in each of
the four replicate slabs. The plants were fed according to requirement. Each day,
the liquid feed for each treatment was re-cycled and re-used but nutrient levels
were analyzed weekly. Samples of the growth media collected from the growth
containers and feed were sent to Stratford Agri Analysis (Stratford, Ontario) for
biweekly analysis. Nutrient measurements consisted of EC of feed (mS/cm), EC
of the bag (mS/cm), pH of bag and treatment fertilizer and nutrient analysis
(including macro-nutrients present in the nutrient solution).

Based on the

measurements of macro-nutrients (Table 3), when nutrient levels dropped, liquid
feed was prepared and added to the treatment container to maintain the correct
treatment concentration in the recycling feed.

Due to differential effects of climate during the winter and summer on the
greenhouse, management of the crop differed between February-April and AprilAugust. Plants in the production cycle during the winter months experienced air
temperature averages ranging from 20-23°C. During these months, CO2 was
maintained at 1000 ppm and roof venting was used to regulate its level. Light
intensity ranged from 200-800 watts/m3. The vapour pressure deficit (VPD) at the
beginning of the experiment was maintained at 3-7 grams/m3. When outside
temperatures exceeded 28°C, large vents were used with roof sprinklers, to
maintain the VPD between 3-7 grams/m3. Relative humidity was maintained at
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70-80%. The plants were pruned every 10-13 days (removal of lateral branches
and side shoots). Flowers were removed and not allowed to set until the 3rd or 4 th
node developed on the main branches in order to ensure that the plant had
sufficient leaf area to sustain the developing fruit load without causing a decrease
in rate of overall plant growth and fruit development.

After the first week of March, pruning was reduced to provide two leaves/shoot in
order to increase the foliage canopy for fruit protection. Bombus impatiens
Cresson (Hymenoptera: Apidae) were brought in for pollination. A maximum fruit
load of 4 fruit/stem was maintained. Fruit load was highest in April, which slowed
down the vegetative growth. The temperature was monitored such that it did not
exceed 35°C in order to avoid sunscald damage to the fruit.

During April-August, the outside temperature was warm, so the inside
greenhouse temperature was maintained at 15-20°C. During these months of the
production cycle, the first priority was temperature regulation, and relative
humidity was second. As the days are hot, vents were used to reduce the
temperature, especially in evening. At this stage of development, CO2
supplementation helps the plants to maintain growth and reproduction, and so it
was regulated according to the changing temperatures.

When the outside

temperature was less than 25°C, CO* was maintained at 700-800 ppm, and when
the outside temperature was greater than 25°C, it was maintained at 350-400
ppm. Greenhouse white-washing during hot weather helped to reduce and

35

maintain the light intensity from 200-800 watts/m3. During these hot months, roof
sprinklers were used during the day when the heat was at its peak. Less leaf
area was pruned during this production stage because the extra leaves provide
evaporative cooling for the plants under high heat conditions. They also provide
shade for the developing fruit. During the reproductive stage, the fruit were
collected and weighed, to measure fruit production per plant.

Pest and disease management was conducted using commercially available
biological control agents, and sanitary crop management practices in order to
maintain the criteria for organic production in Ontario. The parasitic wasps,
Aphidius colemani Viereck (Hymenoptera: Braconidae) and Aphidius ervi Haliday
(Hymenoptera: Braconidae) were introduced against green peach aphid, Myzus
persicae subsp. Persicae (Solzer) (Hemiptera: Aphididae) and the predatory
mites, Amblyseius cucumehs (Oudemans)(Acari: Phytoseiidae) and Phytoseiulus
persimilis Athias-Henriot (Acari: Phytoseiidae) were released to control western
flower thrips, Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae) and
two-spotted spider mites, Tetranychus urticae Koch(Acari: Tetranychidae),
respectively. Screens, doors and walls were checked regularly for tears or other
openings to limit introduction of pests to the greenhouse. Landscape fabric was
applied to walkways to reduce weeds and soil borne pathogens. No debris or cull
piles were allowed, as these are a major source of many plant diseases.
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Statistical analysis

In order to evaluate the treatment effects of concentration of nitrogen,
phosphorous and potassium for each growth parameter (fruit yield, plant height,
leaf length, leaf width, head thickness and fruit set), ANOVA (in SPSS v. 16.0.1,
2007) was used to compare each treatment, followed by means comparisons
conducted using Tukey's post-hoc test. In order to evaluate the treatment effect
of growth media and fertilizer concentration for each growth parameter (fruit
yield, plant height, leaf length, head thickness and fruit set), ANOVA (in SPSS v.
16.0.1, 2007) was used to compare each treatment, followed by means
comparisons conducted using Tukey's post-hoc test. In order to evaluate the
effect of fertilizer source and concentration for growth parameters (fruit yield,
plant height, leaf length, leaf width, head thickness and fruit set), ANOVA (in
SPSS v. 16.0.1, 2007) was used to compare each treatment, followed by means
comparisons conducted using Tukey's post-hoc test. To analyze the effect of
both treatments and time on each growth parameter, with time as co-variance
ANCOVA was used (in StataCorp v. 9.2, 2007). This tested the null hypothesis
that there was no difference in the slope of the linear regression between the
treatments and thus, that the response of the different growth parameters to each
treatment did not change during the course of the experiments. Subsequently,
the slope of each treatment regression line was compared by t-test using
Bonferroni-adjusted p-values in all possible slope comparisons for a particular
growth parameter.
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RESULTS

Effect of growth media and fertilizer concentration
Overall mean fruit yield differed for plants grown in different media treatments
(Table 1: F6,329=3.19, p=0.005). Fruit yield was lowest when plants were grown in
topsoil without fertilizer and highest among the plants that were grown in peat
moss and coco coir, regardless of the ratio of fertilizer ratio, whereas fruit yield
was intermediate for plants grown in topsoil with fertilizer.

Overall mean tomato plant height differed for plants grown in different media
treatments (Table 1: F6,497=3.79, p=0.001). Plants were shortest when grown in
topsoil without fertilizer and tallest when grown in coco coir or topsoil with
fertilizer. Plants grown in peat moss were intermediate in height.

Tomato plants grown in different media treatments had differing overall mean leaf
lengths (Table 1: F6.581 =10.41, p<0.0001). Leaf length was shortest for plants
grown in topsoil without fertilizer and peat moss. Leaf length was longest for
plants grown in topsoil with 1:1, 1:2 and coco coir. Leaf length was not different

38

for plants grown in topsoil with 1:1, coco coir and peat moss; however, leaf length
differed for plants grown in topsoil 1:2 and plants grown in peat moss.

Overall mean head thickness differed for plants grown in different media
treatments (Table 1: F6.497 =14.82, p<0.0001). Head thickness was smallest for
plants grown in topsoil alone and largest on plants grown in topsoil 1:2, peat
moss 1:2 and coco coir. Head thickness was intermediate for plants grown in
topsoil with fertilizer or peat moss with fertilizer.

Overall mean fruit set was the only growth parameter that was not different for
plants grown in different media treatments (Table 1: F6,329=0.27, P=0.948).

The trend in yield differed for tomato plants grown in different media treatments
overtime (Figure 1; Table 2: F6,322=27.43, P<0.0001). Biweekly yield was lowest
for topsoil, higher for topsoil with fertilizer, higher again for peat moss, and
highest overall for coco coir.

The trend in plant height differed for tomato plants grown in different media
treatments over time (Figure 2; Table 2: F6,49o=5.23, P=0.0001). Biweekly plant
height was shortest for plants grown in topsoil without fertilizer, tallest in coco coir
and topsoil when grown with fertilizer, and intermediate for plants grown in peat
moss.
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The trend in leaf length differed for tomato plants grown in different media
treatments overtime (Figure 3; Table 2: F6,574=3.22, P=0.004). Biweekly leaf
length was shortest for the plants grown in topsoil without fertilizer but not
different from plants grown in peat moss. Leaf length was longest for plants
grown in topsoil 1:2, but not different from plants grown in topsoil 1:1 and coco
coir. Leaf length was intermediate for plants grown in topsoil 1:1, coco coir and
peat moss.

The trend in head thickness differed for tomato plants grown in different media
treatments overtime (Figure4; Table 2: F6,49o=5.99, P<0.0001). Biweekly head
thickness was smallest for plants grown in topsoil alone and largest on plants
grown in topsoil 1:2, peat moss 1:2 and coco coir; however, plants grown in
topsoil with fertilizer or peat moss with fertilizer had intermediate head thickness.

The trend in fruit set differed for tomato plants grown in different media
treatments over time (Figure 5; Table 2: F6,322=6.51, P<0.0001). Biweekly fruit set
was smallest for plants grown in top soil alone and larger in plants grown in all
the other treatments, while there is no difference of fruit set between the plants
grown in top soil, peat moss and coco coir 1:1, 1:2.
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Comparison of organic and inorganic fertilizer and effect of concentration

The mean concentration of nitrogen provided throughout the experiment differed
for sweet bell pepper plants grown in different fertilizer solution treatments (Table
3: F3,60=23297.44, P=<.0001). The mean nitrogen concentration was highest for
plants grown with inorganic fertilizer, followed by plants grown with the highest
organic fertilizer concentration, then plants grown with the medium organic
fertilizer concentration, and lowest for plants grown with the lowest organic
fertilizer concentration.

Overall mean phosphorous concentration provided throughout the experiment
differed for sweet bell pepper plants grown in different fertilizer solution
treatments (Table 3: F3,6o=3488.56, P=<.0001). The mean phosphorous was
highest for the plants grown in inorganic fertilizer, followed by the plants grown
with the highest organic fertilizer concentration, then plants grown with the
medium organic fertilizer concentration, and lowest for plants grown with the
lowest organic fertilizer concentration.

Overall mean potassium concentration provided throughout the experiment
differed for sweet bell pepper plants grown in different fertilizer solution
treatments (Table 3: F3,6o=118980.61, P=<.0001). The mean phosphorous was
highest for the plants grown in inorganic fertilizer, followed by the plants grown
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with the highest organic fertilizer concentration, then plants grown with the
medium organic fertilizer concentration, and lowest for plants grown with the
lowest organic fertilizer concentration.

As nutrient concentration increased, regardless of source, the mean yield of
peppers did not increase (Figure 6; Table 4: r2=0.012, p=0.49 for nitrogen,
^=0.014, p=0.47 for phosphorous and 1^=0.016, p=0.43 for potassium). This
same trend was observed with fruit set (Figure 7; Table 4: r2=.015, p=0.37 for
nitrogen, ^=.016, p=0.36 for phosphorous and ^=.012, p=0.41 for potassium).

The mean height of peppers did not increase as nutrient concentration increased,
regardless of source (Table 4: r2=0.012, p=0.39 for nitrogen 1^=0.013, p=0.38 for
phosphorous and 1^=0.013, p=0.36 for potassium).

As nutrient concentration increased, regardless of source, the mean leaf length
of peppers increased (Table 4: 1^=0.099, p=0.01 for nitrogen, r2=0.093, p=0.01
for phosphorous and r2=0.014, p<0.0001 for potassium).

As nutrient concentration increased, regardless of source, the mean leaf width of
peppers increased (Table 4: r2=0.227, p=0.00 for nitrogen, 1^=0.212, p<0.0001
for phosphorous and 1^=0.333, p<0.0001 for potassium).
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As nutrient concentration increased, regardless of source, the mean head
thickness of peppers increased (Table 4:

1^=0.109, p<0.0001 for nitrogen,

r2=0.107, p=0.01 for phosphorous and 1^=0.121, p<0.0001 for potassium).

Overall mean yield differed for sweet bell pepper plants grown in different
fertilizer solutions treatments (Table 5: F3,636=3.262, P=<0.021). Fruit yield was
higher when plants were grown with inorganic fertilizer than with organic fertilizer,
regardless of concentration. Mean fruit yield did not differ between plants grown
in low, medium and high concentrations of organic fertilizer.

Overall mean plant height differed for sweet bell pepper plants grown in different
fertilizer solutions treatments (Table 5: F3,io2o=3.908, P=<0.009). Plant height
was taller when plants were grown in inorganic fertilizer than with organic
fertilizer, regardless of concentration. Mean plant height did not differ between
plants grown in low, medium and high concentrations of organic fertilizer.

Sweet bell pepper plants grown in different fertilizer solution treatments had
different overall mean leaf lengths (Table 5: F3,io2o=39.405, P=<0.0001). Leaf
length was higher when plants were grown with inorganic fertilizer than with
organic fertilizer, regardless of concentration. Mean leaf length did not differ
between plants grown in low, medium and high concentrations of organic
fertilizer.
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Overall mean leaf width differed for sweet bell pepper plants grown in different
fertilizer solutions treatments (Table 5: F3,1020=82.420, P=<0.0001). Leaf width
was longer when plants were grown with inorganic fertilizer than with organic
fertilizer, regardless of concentration. Mean leaf width did not differ between
plants grown in low, medium and high concentrations of organic fertilizer.

Overall mean head thickness differed for sweet bell pepper plants grown in
different fertilizer solutions treatments (Table 5: F3,1020=24.224, P=<0.0001).
Head thickness was longer when plants were grown with inorganic fertilizer than
with organic fertilizer, regardless of concentration. Mean head thickness did not
differ between plants grown in low, medium and high concentrations of organic
fertilizer.

Overall mean fruit set differed for sweet bell pepper plants grown in different
fertilizer solutions treatments (Table 5: F3,636=3.2621, P=<0.025). Total number of
fruits was lowest for the plants grown in the low concentration of organic fertilizer
and highest for plants grown in inorganic fertilizer. Plants grown in the medium
concentration of organic fertilizer had a higher fruit set than plants grown in the
low concentration of organic fertilizer. Plants grown in the high concentration of
organic fertilizer had an intermediate fruit set that was not different from plants
grown in either the high or low concentrations of organic fertilizer.
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The trend in yield differed for sweet bell pepper plants grown in different fertilizer
solutions treatments over time (Figure 8; Table 6: F3,632=10.78, P<0.0001). Fruit
yield was higher when plants were grown with inorganic fertilizer than when
grown in organic fertilizer, regardless of concentration. There was no difference
in fruit yield between plants grown in the different concentrations of organic
fertilizer.

The trend in plant height differed for sweet bell pepper plants grown in different
fertilizer solutions treatments overtime (Figure 9; Table 6: F3,ioi6=4.63, P=0.003).
Plant height did not differ for plants grown in different concentrations of organic
fertilizer, and were shorter than plants grown with inorganic fertilizer.

The trend in leaf length differed for sweet bell pepper plants grown in different
fertilizer solutions treatments over time (Figure 10; Table 6: F3,ioi6=64.76,
P<0.0001). Leaf length was longer when plants were grown with inorganic
fertilizer compared with organic fertilizer, regardless of concentration. There was
no difference in leaf length of plants grown in different concentrations of organic
fertilizer.

The trend in leaf width differed for sweet bell pepper plants grown in different
fertilizer solutions treatments over time (Figure 11; Table 6: F3,ioi6=47.17,
P<0.0001). Leaf width was wider when plants were grown with inorganic fertilizer
than when grown in organic fertilizer, regardless of concentration. There was no
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difference in leaf width of plants grown in different concentrations of organic
fertilizer.

The trend in head thickness differed for sweet bell pepper plants grown in
different fertilizer solutions treatments over time (Figure 12; Table 6: F3,1016=2.33,
P<0.072). Head thickness was higher when plants were grown with inorganic
fertilizer and lower when plants were grown in organic fertilizer, regardless of
concentration. Head thickness did not differ for plants grown in organic fertilizer,
regardless of concentration.

The trend in fruit set differed for sweet bell pepper plants grown in different
fertilizer solutions treatments over time (Figure 13; Table 6: F3,888=6.01,
P<0.0001). Number of fruits was lowest for the plants grown in the low
concentration of organic fertilizer and highest for plants grown in inorganic
fertilizer. Plants grown in the medium concentration of organic fertilizer had a
higher number of fruits than plants grown in the low concentration of organic
fertilizer. Plants grown in the high concentration of organic fertilizer had an
intermediate number of fruits that was not different from plants grown in either
the high or low concentrations of organic fertilizer.
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Table 1. Mean (+ SE) of plant performance measures for cluster tomatoes grown
in various growth substrate-fertilizer treatments. Means followed by the same
letter are not significantly different (P>0.05) for each column within the same
plant performance measure.

Treatment

Top soil
Top soil (1:1)
Top soil (1:2)
Peat moss (1:1)
Peat moss (1:2)
Coco coir (1:1)
Coco coir (1:2)

Fruit Yield
(kg)
1.13 ±0.06 a
1.62 ±0.12 a,b
1.61 ±0.12 a,b
1.70 ±0.13 b
1.70 ±0.14 b
1.83±0.15 b
1.83±0.15 b

Mean (± SE) Plant Performance Measures
Plant Height
Leaf Length
Head Thickness
(cm)
(cm)
(mm)
58.64 ±2.77 a
27.96 ±0.37 a
8.14 ±0.07 a
31.74 ±0.64 b,c
86.10 ±6.21 b
8.89 ±0.11 b
94.08 ±6.97 b
33.06 ±0.59 c
9.00 ±0.11 b,c
78.99 ±5.43 a,b 29.88 ±0.53 a,b
8.90 ±0.10 b
80.10 ±5.66 a,b 29.82 ±0.49 a,b
9.10 ±0.13 b,c
84.76 ±5.87 b
32.10 ±0.58 b,c
9.38 ±0.10 c
85.03 ±5.84 b
32.11 ±0.60 b,c
9.40 ±0.10 c
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Fruit Set
(# sets/plant)
2.69 ±0.18 a
3.00 ±0.23 a
3.00 ±0.23 a
3.00 ±0.23 a
3.00 ±0.23 a
3.00 ±0.23 a
3.00 ±0.23 a

Table 2. Linear regression slopes of biweekly plant performance measures for
cluster tomatoes grown in different media treatments. Slope equations followed
by the same letter are not significantly different (P>0.05) for each column within
the same plant performance measure.

Treatment

Top soil
Top soil (1:1)
Top soil (2:1)
Peatmoss (1:1)
Peatmoss (2:1)
Coco coir (1:1)
Coco coir (2:1)

Boferroni-corrected multiple comparison of regression slopes for plant performance measures
Fruit Yield
Leaf Length
Head Thickness Fruit Set
Plant Height
regression
regression
regression
regression
regression
equation
equation
equation
equation
equation
y=0.19t+0.54a
y=0.64t+24.13a
y=0.02t+8.39a
y=0.5t+1.08a
y=6.7t+25.15a
y=0.7t+0.9b
y=0.37t+0.52a,b y=14.93t+11.4b
y=1.26t+24.13b,c y=0.22t+7.76b
y=0.38t+0.47a,b y=16.7t+10.5b
y=1.02t+26.98c
y=0.2t+7.96b,c
y=0.7t+0.9b
y=0.41t+0.47b
y=13.12t+14.05a,b y=0.96t+24.16a,b y=0.18t+7.97b
y=0.7t+0.9b
y=0.42t+0.44b
y=13.57t+12.22a,b y=0.87t+24.61a,b y=0.26t+7.75b,c y=0.7t+0.9b
y=0.46t+0.45b
y=14.13t+13.56b
y=1.2t+24.91b,c
y=0.17t+8.49c
y=0.7t+0.9b
y=0.46t+0.44b
y=0.7t+0.9b
y=14.14t+14.13b
y=1.22t+24.77b,c y=0.16+8.57c
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Table 3. Mean concentration of N, P and K for different treatments of low,
medium and high concentrations of the liquid organic fertilizer and liquid
inorganic fertilizer for peppers (ppm nutrient). Means followed by the same letter
are not significantly different (P>0.05) for each column within all the treatments.

Mean nutrient concentration during plant growth (ppm)
Fertilizer treatment
Nitrogen (N) Phosphorus (P) Potassium (K)
Low organic (1:7)
120.6±0.31 d
25.3±0.12d
200.4±0.25 d
Medium organic (1:6) 150.1±0.27c
35.3±0.18c
210.3±0.23c
175.1 ±0.20 b
High organic (1:5)
40.2±0.21 b
220.0±0.23 b
210.0±0.18a
Inorganic
50.5±0.18a
370.1 ±0.20 a
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Table 4: Linear regression analysis of nutrient concentration (from different
fertilizer sources) and plant performance measures for sweet peppers

Regression analysis or nitrogen, phosphorous and potassium
Nitrogen
Potassium
Growth parameters
Phosphorous
2
2
regression line equation r p-value regression line equation r p-value regression line equation r2
y=1.924+0.004x
0.012 0.49 y=2.010+0.017x
0.014 0.47 y=2.035+0.002x
0.016
Yield (g)
y=110.786+0.248x
0.012 0.39 y=118.404+0.904x
0.013 0.38 y=120.200+0.123x
0.013
Height (cm)
0.099 0.01 y=20.376+0.057x
0.093 0.01 y=20.122+0.009x
0.14
Leaf length (cm) y=19.744+0.016x
y=11.347+0.013x
0.227 <0001 y=11.840+0.011x
0.212 <0001 y=11.604+0.007x
0.333
Leafwidth(mm)
0.109 <0001 y=7.421+0.231x
0.107 0.01 y=7.438+0.003x
0.121
Head thickness(mm y=7.185+0.007x
y=9.982+0.040
0.015 0.37 y=11.253+0.146x
0.016 0.36 y=12.257+0.017
0.012
Fruit set
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p-value
0.43
0.36
<.0001
<.0001
<.0001
0.41

Table 5: Mean (± SE) of plant performance measures for sweet peppers grown
in various fertilizer treatments. Means followed by the same letter are not
significantly different (P>0.05) for each column within the same plant
performance measure.

Treatment

Mean (± SE) Plant Performance Measures

Fruit Yield Plant Height Leaf Length
(kg)
(cm)
(cm)
Low organic Fertilizer^ :7) 2.54±0.09 a 146.38+4.50a 22.07±0.12a
Medium organic Fertilizer^ :6]2.53+0.10 a 146.05+4.47a 21.92+0.11 a
High organic Fertilizer^ :5) 2.55+0.10 a 146.49+4.49a 22.03+0.11 a
Inorganic Fertilizer
2.92+0.11 b 164.50+4.90b 23.44+0.09b
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Leaf Width Head Thickness Fruit Set
(cm)
(mm)
(# fruits/plant)
13.13+0.06a 8.06+0.04 a 15.73+0.67 a
13.07+0.06a 8.12+0.05a 16.06+0.70 a,b
13.10±0.06a 8.16+0.04a 15.82±0.68 a ' b
14.25±0.06b 8.62±0.05b 18.39+0.80 c

Table 6. Linear regression of biweekly plant performance measures for sweet
peppers grown in various fertilizer treatments. Slope equations followed by the
same letter are not significantly different (P>0.05) for each column within the
same plant performance measure.

Treatment
Fruit Yield

Bonferroni-corrected multiple comparison of regression slopes for plant performance measures
Plant Height
Leaf Length
Leaf Width
Head Thickness

Fruit Set

regression equation

regression equation

regression equation

regression equation

regression equation

Low organic fertilizer(1:7)
Medium organic fertilizer(1:6)

y=0.6t+0.6 a
y=0.22t+0.58 a

y=7.65t+31.57 a
y=7.61t+31.97 a

y=0.16t+19.45 a
y=0.16t+19.38 a

y=0.07t+12.0 a
y=0.06t+12.1 a

y=0.05t+7.27 a
y=0.08t+7.23 a

y=1.231-0.30 a
y=1.28t-0.58b

High organic fertilizer^ :5)

f 0.221+0.57 a
y=0.25H-0.65 b

y=7.641+31.87 a
y=8.35l+39.17 b

y=0.15t+19.59 a
y=0.12t+21.52 b

y=0.07t+12.0 a
y=0.O6t+13.3 b

y=0.05t+7.34 a
yO.07H7.47 b

y=1.251-0.47 a,b
y=1.4M47 c

Inorganic fertilizer
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Figure 1. Linear regression of biweekly fruit yield of tomato plants grown in
different media treatments.
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Time (weeks)

Figure 2. Linear regression of biweekly plant height of tomato plants grown in
different media treatments.
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Top soil
Top soil 1:1
Top soil 1:2
Peat moss 1:1
Peat moss 1:2
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Figure 3. Linear regression of biweekly leaf length of tomato plants grown in
different media treatments.
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Figure 4. Linear regression of biweekly head thickness of tomato plants grown in
different media treatments.
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Figure 5. Linear regression of biweekly fruit set of tomato plants grown in
different media treatment.
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Figure 8. Linear regression of biweekly fruit yield of sweet pepper plants grown
in different fertilizer treatments.
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Figure 9. Linear regression of biweekly plant height of sweet pepper plants
grown in different fertilizer treatments.
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Figure 10. Linear regression of biweekly leaf length of sweet pepper plants
grown in different fertilizer treatments.
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Figure 11. Linear regression of biweekly leaf width of sweet pepper plants grown
in different fertilizer treatments.
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Figure 13. Linear regression of biweekly fruit set of sweet pepper plants grown in
different fertilizer treatments.
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DISCUSSION
Due to environmental concerns and costs associated with harvesting peat, there
has been significant interest in the development of growth media alternatives to
peat (Barkham, 1993; Buckland, 1993; Robertson, 1993). Most of the research
developing alternatives to peat has been focused on agricultural, industrial and
municipal waste products, such as coco coir (Evans and Stamps, 1996). In my
study, the highest tomato plant performance values were from plants grown in
coco coir, likely related to the physical and chemical characteristics of this
substrate. It has been suggested that coco coir has many characteristics that
make it equal to, or superior, to peat as a growth media (Cresswell, 1992; Evans
et al., 1996; Merrow, 1994). Coco coir is reported to have a higher P content than
peat moss (Evans et al., 1996 Handreck, 1993) and it is also reported to have a
strong buffering capacity (Kithome et al., 1999a, 1999b). In addition to a high
water holding capacity (Bruckner, 1997; Martinez et al., 1997; Noguera et al.,
1997; Konduru et al., 1999), it is rich in K and also contains certain micronutrients
including Fe, Mn, Zn and Cu (Savithri et al., 1993).

In my study, fruit yield was highest from plants grown in coco coir and peat moss,
with no difference between them, lower for plants grown in topsoil with fertilizer
and lowest for plants grown in topsoil without fertilizer. Studies conducted by
Shinohara et. al; (1999) reported similar results with tomato yields, when coco
nut fibre was compared with rice husk or bark. In their study, they examined the
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growth and yield of tomato grown in coconut-fiber, rock wool, rice husk and bark.
They found no difference in height, number of leaves and dry weight of the plants
grown in different concentration of the nutrient solutions or in different substrates.
Yield was greater in coco fiber than the rice husk but other treatments were not
different from each other in terms of yield. In another study done by Toe and Tan
(1993), they found that tomato plants grown in mixture of coconut fiber and
charcoal (in a 2:1 ratio) had the maximum plant height, number of fruit, fruit yield
and fruit diameter. In my study, I had the poorest results with topsoil as a
substrate. In a study done by Radjagukguk (1983), plants grown in three different
types of peat moss, saw dust, rice husk and coco coir had higher yields than
those grown in topsoil.

In my study, plants grown without fertilizer in topsoil were significantly lower in all
the plant performance measures compared to all the other substrate treatments
grown with organic fertilizer. Gagnon and Berrouard (1994) studied the effects of
thirteen different combinations of organic fertilizers derived from blood, feathers,
meat, crab shells, fish, fish-scale, canola meal, soybean, dried grains, wheat
bran, alfalfa, cotton seed and whey by-products on growth of greenhouse tomato
transplants. Prior to transplanting, they mixed all types of organic fertilizers with
peat moss as the growth media. Their control treatment was peat moss without
fertilizer. Their results demonstrated a significant increase in shoot dry weight
(57-83%) of plants grown with organic fertilizers compared to the control. In their
comparison of plant growth on different organic fertilizers, the fertilizers derived
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from slaughter houses, fish and seafood and cheese (whey) provided more plant
growth than plant material and cotton seed meal. However, the organic fertilizer
from plant materials still successfully increased tomato plant growth compared to
the no-fertilizer control.

The plant performance of pepper plants grown in different concentrations of
organic fertilizer compared with an inorganic fertilizer demonstrated that plant
performance depended more on the source of the nutrients, than the
concentration within the range of concentrations that I used. The nitrogen and
phosphorus concentrations of the highest concentration of organic fertilizer were
similar to the concentrations in the inorganic fertilizer. However, the potassium
concentration was considerably lower in my organic fertilizer than in the inorganic
fertilizer. For good vegetative growth, an adequate supply of potassium is an
important factor (Jones 1961; Wall 1940). In a study done by Besford and Maw
(1975) different levels of potassium affected the number of fruits per plant.
Studies conducted by Wall (1940) and Jones (1961) showed that plant
performance of tomatoes depends on the supply of potassium in the nutrient
supplied for fertigation and that lower levels of potassium are related to the
appearance of chlorosis and necrosis in plants. Winsor, et al. (1962) reported
that an increase in potassium concentration within fertilizer increased both the
size and number of fruit per plant.

Aishah and Ramlan (1994) found that a

change in levels of potassium supplied to pepper plants affected the growth and
yield of peppers, and that decreases in amount of potassium below the
recommended levels results in decreased growth and yield. Al-Jaloud et al.
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(2006) reported that an increase of potassium in the fertigation solution increased
the yield of cucumbers. Altunlu et al. (1999) found that different levels of
potassium and nitrogen affected plant growth, quality and yield of cucumbers.
Wuzhong (2002) found that an increase in potassium increased the yields of
eggplant, tomato, sweet pepper and chilli. It also improved the quality of all these
crops by increasing their vitamin C content within the fruit and especially
increasing sugar content in tomatoes (Wuzhong 2002). Therefore, the difference
in plant performance that I observed in plants grown with organic or inorganic
fertilizer may not be due to the source of the nutrients, but rather the difference in
potassium concentration.

Heeb et al (2006) found that lack of sulfur and

phosphorous affected growth even when there was a sufficient concentration of
nitrogen, so they concluded that a sufficient and balanced supply of nutrients is
necessary and crucial to reach the highest yields. For good plant performance, a
balanced supply of nutrition is essential (Bryson and Barker, 2002).

However, there is a second potential explanation for lower plant performance
with organic fertilizer compared with inorganic. Heeb, et. al (2006) demonstrated
that yield of tomato plants grown in inorganic fertilizer was higher than the plants
grown in organic fertilizers but that the reason behind this might be that from
organic fertilizer treatment there is slow release and availability of the nutrients to
the plants. This affected the yield and plant growth of tomatoes. Atkin and
Nichols (2004) demonstrated that lettuce grown in conventional inorganic
fertilizer grew faster than lettuce grown in organic fertilizer because large;
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molecules are not absorbed directly by the roots of the plants. Instead, these
molecules needed to be completely broke down (oxidized) in the form of ions to
be available for uptake by plants. They concluded that this might be one of the
reasons for slow growth of plants growing in organic fertilizers. Nitrogen is
released slowly from organic fertilizers compared with inorganic fertilizers, which
results in lower yields from organic fertilizers (MacRae et al., 1993).

The only growth parameter that differed with different concentrations of organic
fertilizer was the number of fruit produced per plant. Plants grown in the medium
concentration of organic fertilizer had a higher number of fruits than plants grown
in the low concentration of organic fertilizer, and plants grown in the high
concentration of organic fertilizer had an intermediate number of fruits that was
not different from plants grown in either the high or low concentrations of organic
fertilizer. Gupta and Shukla (1997) reported an increase in number and size of
fruits on tomato plants grown in different fertilizer treatments due to increases in
nitrogen application. Ejayi et al. (2008) stated that increases in number of
watermelon fruits occurred when plants were given high concentrations of poultry
manure which increased nitrogen for the plants. In addition, plants were more
vigorous and healthy, thus confirming the role of nitrogen in affecting vegetative
growth of plants. Thus, I would have expected more fruit from the higher
concentration of organic fertilizer, than the medium or low concentration. As the
overall weight of fruits was not different, but the number of fruits was different,
this indicates that the plants were producing more fruit of smaller size. The study
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done by Winsor, et al. (1962) reported that the addition of more potassium
increased both fruit number and size, however, in my study, there were either
more fruit of smaller size, or less fruit of larger size. Thus potassium may play a
role in fruit size and number but I was unable to locate any research that tested
the role of nutrients in determining size of fruit versus number of fruit. I suspect
that it is either the ratio of nitrogen, potassium and phosphorous to each other, or
the effect of one of the micronutrients that is responsible for this effect.
Unfortunately, I did not measure micronutrient values within my fertilizers.

Certification issues, social concerns and future research

Brooke (2004) recently reviewed some of the industry benefits of incorporating
organic fertilizers into greenhouse hydroponics. There is a fundamental difficulty
in regard to traditional classification and certification schemes in the organics
industry, for such solutions as being truly "organic", given the absence of soil.
Since the composting process is carried out separately from the crop production,
the final solution is seen as comparable to the use of other, non-organic fertilizer
solutions. Of course, they would also contain trace elements, and substances
that may act as growth regulators or biological pesticides, derived from the
decomposed plant material.

Brooke (2004) also argued that material from "natural" sources is not inherently
superior, in terms of nutrient content. Indeed, some organic compost may
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generate nutrient ratios that are sub-optimal for certain kinds of plant growth.
Organic wastes may contain toxins derived from airborne pollution that has
become incorporated in natural soils. According to Brooke (2004), regulations for
meeting "organic certified" farming criteria differ among jurisdictions, in some
cases carrying no more meaning than, for example, simply requiring that
chemical pesticides have not been used on the land for at least three years.
Regulations tend not to address emerging issues, including the consequences of
ongoing fallout from air pollution. In many parts of North America, this has left
farm soils with elevated levels of heavy metals and other toxins.

According to Brooke (2004), many of the kinds of materials permitted for use in
North America under "organic" regulations, are not of sufficient purity to be used
for hydroponics culture. "Organic" certification is far more a matter of
bureaucratic and jurisdictional definition rather than science. Brooke further
argues that the importance of the organic designation was as a method of
farming, not a definition of the produce itself. Thus, for Brooke, there's no such
thing as "organic produce", only "organically grown produce".

Since refined ingredients cannot presently be used in certified organic
production, neither should pharmaceutical or food-grade ingredients be used to
formulate organic fertilizers (Brooke 2004). Since mined minerals typically
dissolve poorly, and may contain trace contaminants, it is challenging to develop
an appropriate liquid organic fertilizer.
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Since plant performance for tomato was better or equivalent in coco coir
compared with peat moss, and both were better than in topsoil, coco coir can be
recommended for growing tomatoes. Further research is required to evaluate
these growth media substrates for different greenhouse vegetables such as
cucumber.

Although it is challenging to develop a liquid organic fertilizer which provides
either equivalent or better yields than inorganically grown vegetables, the
fertilizer developed in this study may have potential if more concentrated
solutions are tested. Additionally, it would be important for future research to find
an organic source to increase potassium levels within this fertilizer to correct the
NPK balance. Further research is needed to take into consideration other growth
parameters like fruit size, variation in color of the fruit and its taste, shoot and
root dry mass and number of leaves etc which were not measured in this study,
but may be important in determining the effectiveness of an organic fertilizer and
analysis of micronutrient should also be taken under consideration while doing
this type of research.
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Appendix 1: Concentrations of Nitrogen, Phosphorous and Potassium
analyzed biweekly.

Treatments
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)

weeks
0
0
0
0
2
2
2
2
4
4
4
4
6
6
6
6
8
8
8
8
10
10
10
10
12
12
12
12
14
14
14
14
16
16
16
16
18

Nitrogen Phosphorous
25
120
35
150
40
175
50
210
115
20
34
145
174
38
207
47
122
22
30
143
36
170
49
204
24
122
31
145
40
167
203
48
22
120
33
146
170
40
202
47
115
22
151
34
171
39
50
200
120
25
148
35
175
38
47
208
117
25
151
34
171
40
209
49
118
21
33
148
35
170
210
49
121
24

90

Potassium
200
210
220
370
195
206
217
366
199
207
215
370
198
209
216
369
198
210
218
368
195
209
218
370
200
210
220
369
200
210
220
368
199
208
219
370
200

Treatments
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic
Organic (1:7)
Organic (1:6)
Organic (1:5)
Inorganic

weeks
18
18
18
20
20
20
20
22
22
22
22
24
24
24
24
26
26
26
26
28
28
28
28
30
30
30
30

Nitrogen
145
168
207
119
150
171
210
117
150
175
208
120
148
173
210
117
143
172
208
120
150
175
210
120
150
175
210

Phosphorous
32
39
48
22
32
39
49
25
35
38
50
23
34
37
45
24
34
38
50
23
35
38
48
25
35
40
50
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Potassium
210
220
366
200
207
219
369
198
210
220
370
199
209
218
368
208
215
217
369
199
210
220
368
200
210
220
370
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